It is often difficult to determine experimentally the location of side chain atoms with respect to the main chain in a polymer molecule, especially if one or both of the side chain atoms is hydrogen. A relation which gives side chain positions as a function of main chain geometry would therefore be useful in structural studies and in conformational energy calculations, for example, on biopolymers. An attempt has been made to do this l by means of an approximate calculation of the constant bin tl{3= -MOl, where {3 is LXC 2 Y and a is L C 1 C 2 C 3 in the structure C 1 -C 2 (XY)-C 3 • It was found that b""0.30 for X==Y=H, b""0.23 for X=C and Y=H, and b""0.20 for X=Y=C. We have determined b by a CNDO calculation, both for paraffin type molecules as well as for a peptide chain, and find results differing from the above.
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The CNDO program which we used 2 calculates the total energy of the molecule within the framework of an SCF calculation. The molecular orbitals are fitted into a Slater determinant. This choice of wavefunction causes correlation energies to be neglected but still maintains the correct symmetry of the exact solution of the Hamiltonian. An accurate SCF wavefunction should therefore give the correct angular relationships in a molecule. a The CNDO method has many approximations in it, but it stilI maintains the basic properties of an SCF calculation and seems to give good angular determinations in a molecule. 2 The first molecule calculated was propane, CH3-CH 2 CH a . Experimental bond lengths 4 were used. The central HCH angle ({3) was varied for each value of the CCC angle angle (01), the methyl hydrogens being kept fixed in their equilibrium positions. The total energy was calculated at each value of (3, and the minimum energy was determined graphically. The points obtained for a series of values of a gave a very good least squares straight line with a slope given by tl{3/ tla = -0.13, which is less than half of that predicted previously.1 Considerable credence was lent to this calculation by noting that the absolute energy minimum occurred at L CCC= 112.2°±0.5°, L HCH= 106.2°± OS, and LCCHCmethyl) = 111.1°±1.0°, which compares very well with the experimentally determined values of 112.4°±0.2°, 106.1°±0.2°, and 111.8°±1.0°, respectively. 4 Next a CNDO calculation was done for N-acetylalanine-N-methylamide, CHa-NH-C'O-C"HaC CpHa)-NH-C'O-CHa, which should serve as a model for polypeptides and proteins. The following geometry was 123°, L C'NC,,= 123°. Again the energy was minimized with respect to the side chain angle (3, L C{3C"H", at each value of the main chain angle a, L C'C"N. However, in order to check the dependence of such a relation on local conformation, the calculation was done for an extended molecule, viz., cp(N-C,,) = -180° and 1/;(C,,-C') = -180°, as well as for a conformation representative of the a-helix, viz., <p= -47° and 1/;= -57°. In the former calculation the positions of C i3 and Ha were varied independently. Within the accuracy of THE JOURNAL OF CHEMICAL PHYSICS the calculation the energy was found to minimize with these atoms located symmetrically with respect to the C'CaN plane, and this configuration was also used in the latter calculation. The minimum energy orientations of the three methyl groups were also determined for the extended structure, and these were assumed to be the same for the a-helical type of structure.
The minimum energy structures are given in Fig. 1 . The differences between the extended and a-helical structures represent very small energies, and a single least squares line is felt to reasonably represent both. The global minimum energy structure corresponds to a= 110.0° with {3= 109S for the extended form and {3 = 109.1 ° for the a-helical form. The relationship between the changes in these two angles is best represented by /::,.{3= -0.37/::"a. This again differs from what would have been suggested by the earlier calculation,! at least if the peptide structure is assumed to correspond most closely to the X=C, Y=H case.
